Summary: Six normal volunteers, aged 20 to 39 years, underwent 2 adaptation nights and three sessions of 2 consecutive experimental nights and days at I-week intervals, according to a latin-square design. In the three sessions, subjects received either zopiclone, 3.75 mg or 7.5 mg, or placebo at 2215 h in a double-blind protocol. On nights I and 2 of each session, subjects were continuously monitored polygraphically, except for a 45-min provoked wake episode 135 min after sleep onset on night 2. Degree of daytime somnolence was assessed during day I by means of a multiple sleep latency test (MSLT) and performance evaluation was carried out during night 2 (0000 h) and day 2 (800 hand 1200 h) by means of a battery of four tests, NREM sleep stages 3 and 4 increased significantly after 3.75 mg and 7.5 mg zopiclone (p < 0.05), No significant differences between placebo and 3.75 mg and 7.5 mg zopiclone were found at any time in the MSLT, Two performance tests (eye-hand coordination test and choice reaction time test) showed a highly significant impairment (p < 0.01) at 0000 h with 7.5 mg zopiclone; one test (eye-hand coordination test) showed a significant impairment (p < 0.05) at 0800 h also with 7.5 mg zopicIone and none at 1200 h. From a subjective point of view, depth and quality of sleep were improved, whereas number of awakenings and feeling on awakening were not modified. Side effects (bitter taste, jitteriness, difficulty to concentrate) were reported only with 7.5 mg zopicIone.
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Zopiclone is a new hypnotic belonging to the chemical family of cyc!opyrrolones. Although this compound is a nonbenzodiazepine molecule, it binds specifically to the benzodiazepine receptor complex in the brain (1). Its biological plasma half-life is 4-5 h (2).
The aim of this study was to evaluate the effects of 3.75 mg and 7.5 mg zopic!one, not only on night sleep parameters, daytime vigilance, and performances, but also on nighttime performances at a time when maximum blood level of this short plasma halflife compound could be expected.
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METHODS
This study was carried out in two male and four female healthy volunteers, aged 20 to 39 years (median age 26.5 years). Each subject was submitted to 2 adaptation nights and three sessions of 2 consecutive experimental nights and days at I-week intervals, according to a latin-square design. The study conformed to the Declaration of Helsinki.
In the three sessions of experimental nights and days, subjects received 3.75 mg or 7.5 mg zopiclone or placebo (I5 min before lights out), in a double-blind protocol.
On night 1 of each session, subjects were continuously monitored polygraphically (lights out 2230 h, lights on 0730 h). Upon awakening, subjects completed a morning questionnaire aimed at assessing the subjective quality of their sleep. Then the degree of day-time somnolence was evaluated by means of a multiple sleep latency test (MSLT) (3), performed every 2 h from 0800 h to 1800 h. The subjects were asked to lay in bed, and the recording was started. The test was stopped after 20 min if the subject did not fall asleep or after either 3 consecutive epochs of NREM sleep stage 1 or one epoch of NREM sleep stage 2.
On night 2 of each session, subjects were again continuously monitored polygraphically (lights out 2200 h, lights on 0730 h) except for a 45 min provoked wake episode during the first epoch of stage 2 occurring at least 90 min after ingestion of zopiclone or placebo. During this wake episode, a first series of performance tests was carried out, immediately followed by a 15-ml blood sampling for plasma zopiclone concentration measurement. Subjects went back to bed and sleep latency was measured. Second and third series of performance tests and blood sampling were performed at 0800 h (30 min after lights on) and at 1200 h. The battery of performance tests included an eye-hand coordination test (Purdue Pegboard), a choice reaction time test, a digit symbol substitution test (Janin's test), and a memory test (immediate recall of a list of 12 words), which were performed within ~20 min.
All night polygraphic recordings were scored visually according to Rechtschaffen and Kales (4) . Statistical analysis was based on Kruskal-Wallis one-way analysis of variance by ranks.
RESULTS
First night sleep
The mean results for sleep initiation and maintenance and for sleep architecture are reported in Table 1 . Stages 3 and 4 increased significantly (p < 0.05) on 3.75 mg and 7.5 mg zopiclone. Wake after sleep onset; number of awakenings ~ 1 min; stage 1, REM sleep, and REM episode duration decreased slightly, although not significantly on both 3.75 mg and 7.5 mg zopiclone. Sleep latency decreased; stage 2, total sleep time, and sleep efficiency (time asleep/time in bed from lights out to lights on) increased, although not significantly, on 7.5 mg zopiclone only.
Daytime somnolence As shown in Figure 1 , the average latency to sleep onset on the MSLT, across all drug conditions, decreased regularly from 0800 h to 1600 h and increased at 1800 h. Interestingly enough, there was no significant difference between placebo and 3.75 mg and 7.5 mg zopiclone conditions in any of the tests of MSLT. In comparison, sleep latency measured after awakening for the first series of performance tests of night 2, (except for a learning effect). Conversely, there was a significant improvement from 0000 h to 0800 h on 3.75 mg and 7.5 mg zopicione and from 0800 h to 1200 h on 7.5 mg zopiclone only, indicating a decrease of the impairment caused by the drug with time.
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Comparison as a function of doses showed that at 0000 h there was a highly significant difference (p < 0.01) between results with 7.5 mg zopicione versus placebo and a significant difference (p < 0.05) with 3.75 mg zopicione versus placebo; at 0800 h there was still a significant difference (p < 0.05) between results with 7.5 mg zopicione and placebo but not between 3.75 mg zopicione and placebo. At 1200 h, there was no more difference between placebo and either drug dose, indicating the complete disappearance of any residual effect of the drug at that time.
Choice reaction time test:
Comparison of results as a function of time of testing (Tables 3 and 4) showed that neither mean reaction time nor mean number of delayed responses improved with placebo from 0000 h to 1200 h. Conversely both test results improved significantly with 7.5 mg zopiclone from 0000 h to 0800 h, from 0000 h to 1200 h, and from 0800 h to 1200 h. With 3.75 mg zopicione, the mean reaction time improved from 0000 h to 1200 h but the number of delayed responses did not improve.
Results as a function of doses showed a significant difference only between 7.5 mg zopiclone and placebo and only at 0000 h.
Digit symbol substitution test: A similar significant improvement was recorded from 0000 h to 0800 h, from 0000 h to 1200 h, and from 0800 h to 1200 h with placebo and both drug doses, indicating an obvious learning effect, but no difference was found between 7.5 and 3.75 mg zopicione and placebo in any of the three tests (Table 5) .
Memory test: No significant difference was observed in this test whether as a function of time of testing or as a function of the. dose of zopicione administered.
Subjective parameters (Table 6) Subjects estimated sleep to be significantly deeper (p < 0.01) with either drug dose compared to placebo. In addition, they also mentioned a better quality of sleep (p < 0.05) with both drug doses and a shorter sleep latency (p < 0.05) with 7.5 mg zopicione only. Number of night awakenings and feeling on awakening were not modified at any of the doses of zopiclone.
Side effects
The only records of side effects were mentioned with 7.5 mg zopicione. Jitteriness, difficulty to concentrate, and bitter taste were each reported by three subjects. Fa- Drug was administered at 2215 h the previous night. Letters indicate significant difference (p < 0.05) between 0800 and 0000 h (A), 1200 and 0000 h (8) , and 1200 and 0800 h (C).
DOSE-RESPONSE OF ZOP/CLONE /N HEALTHY SUBJECTS 3/
tigue, evening sleepiness, or a mild degree of ataxia were each mentioned by two subjects. Disturbance of accommodation and bursts of worries were each indicated by one subject.
Plasma concentration of zopiclone Plasma concentrations of zopiclone measured at 0000, 0800, and 1200 h in each drug dose are shown in Table 7 . The plasma half-life of zopiclone was estimated to be ~5 h with each drug dose according to a semi-logarithmic representation of the three values obtained at 0000, 0800, and 1200 h. Overall, these results indicate a normal drug elimination in the six subjects of the present study. 
The present results show a significant increase of stages 3 and 4 in accordance with previous results (5) . A significant increase of stage 4 has been found in insomniac subjects (6) and a nonsignificant increase of stages 3 and 4 has been reported in women over 40 years of age with subjective sleep disorders (7) . On the other hand, a significant decrease of stage 3 and 4 was also shown in chronic insomniacs (8) . Despite consistent trends, other parameters did not differ significantly with either 7.5 or 3.75 mg of zopiclone.
Until now, there had not been any evaluation of sleep tendency after zopiclone measured by the MSL T. The results are interesting in that they show no increased daytime sleepiness from 0800 to 1800 h with 3.75 mg or 7.5 mg zopiclone compared with placebo. This is clearly related with the short half-life of the drug since during night 2, sleep latency measured 135 min after drug ingestion, at a time corresponding to the reported peak concentration of the drug, was significantly shorter (p < 0.01) after 7.5 mg than after 3.75 mg zopiclone and placebo.
Results from the different performance tests are also particularly interesting in that they show very limited impairment at 0800 and nonimpairment at 1200 h. Indeed, a significant decrease in performance is only found in a single test at 0800 h, namely in the eye-hand coordination test after 7.5 mg zopiclone, whereas no significant impairment of other performance tests (choice reaction time, digit symbol substitution, memory) is evidenced.
In agreement with these results, no significant modification of the performance was 
DOSE-RESPONSE OF ZOPlCLONE IN HEALTHY SUBJECTS 33
found in a digit symbol substitution test after morning awakening (9) . On the other hand, a residual effect was found 9 h after 7.5 mg zopiclone or 10 mg zopiclone in a digit symbol substitution test (10) .
In comparison, a highly significant impairment (p < 0.01) is present at 0000 h with 7.5 mg zopiclone in the tests of eye-hand coordination and choice reaction time (mean reaction time); this expected result is likely to be the main and unavoidable draw-back of a short half-life hypnotic. The significant sUbjective improvement of the depth and quality of sleep might be related to the increase of stages 3 and 4. On the other hand, subjects did not mention any modification of the feeling on awakening. However, this result might be at variance in insomniac subjects when sleep onset is no longer delayed and/or sleep not interrupted by intervening wakefulness.
Among side effects, bitter taste (1 I), jitteriness, and difficulty to concentrate were the most frequently mentioned. On the other hand, a single subject reported bursts of worries and no subject reported a rebound insomnia previously described with shortacting hypnotics (12, 13) . 
